Background:
Introduction
Rates of visual impairment in the elderly increase with age and are not only associated with significant functional loss and mortality (Berger and Porell, 2008; Grue et al., 2010; Jacobs et al., 2005; Laitinen et al., 2007) but also engender considerable psychological distress. Visual impairment has been observed notably to lead to an increased sense of loneliness (Heikkinen and Kauppinen, 2004; Jacobs et al., 2005) and increased rates of clinically significant levels of depressive symptomatology. Moreover, it has been shown that elderly persons with visual impairment have increased rates of suicide (Lam et al., 2008) ; suicide risk being even higher than that for malignant disease (Waern et al., 2002) . While blindness due to late stage disease (e.g. agerelated macular degeneration (AMD), diabetic retinopathy, glaucoma) is not reversible, the majority of moderate to severe visual impairments are correctable (cataract surgery or refractive error correction) and even preventable (glaucoma and AMD). Given that depression is also treatable, early targeting and intervention for persons most at risk could have a significant impact on the psychological well-being of elderly populations.
Most population-based studies of the relationship between vision loss and depressive symptoms conducted to date have been cross-sectional (Bernabei et al., 2011; Evans et al., 2007) and therefore have been unable to determine the temporal direction of the associations. Only three longitudinal, elderly population-based studies have been undertaken which have confirmed the association between visual impairment (Tournier et al., 2008) or visual function loss (Brown and Barrett, 2011; Chou, 2008) and subsequent high levels of depressive symptomatology. However these studies did not include the full range of common risk factors for both visual impairment and depressive symptoms (notably diabetes, hypertension, cardiovascular diseases, cognitive impairment, smoking, obesity) which may confound this association, and two of these studies only inserm-00846126, version 1 -18 Jul 2013 used self-declared non-specific visual function (Brown and Barrett, 2011; Chou, 2008) . In addition, no longitudinal study has examined depressive symptomatology as a risk factor for vision loss, although there are several hypothetical reasons for such an association. Firstly, depression has been associated with behaviors which may increase ocular disease risk, such as poor diet, and excessive tobacco consumption (Glynn et al., 2009) , decreased likelihood of seeking appropriate specialist care and following clinical recommendations. Secondly, antidepressants, like other psychotropic agents, may have adverse ocular effects (Richa and Yazbek, 2010) . Thirdly, a possible direct effect of depression on neurotransmitter dysfunction leading to visual disturbances has also been suggested (Bubl et al., 2009) . It is thus possible that vision loss and depressive symptomatology are associated in a bi-directional manner which may produce a downward spiral in which each in turn triggers the other.
The purpose of this study is to use data from a large epidemiological study providing information on a wide range of potential confounding factors in order to examine the bi-directional association of vision loss as evaluated by self-declared distance visual function and measured near visual acuity with depressive symptomatology across a ten-year period. Numbers from this study are sufficient to permit i) the observation of incident elevated depressive symptomatology in the visually-deficient compared to a sub-group without depressive symptomatology at baseline and ii) incidence of vision loss in depressed persons who did not have vision loss at baseline. The study will thus provide one of the most rigorous observations to date of the risk factors implicated in these associations and also address the question of the temporal direction of associations.
Moreover, whereas previous large-scale studies have commonly referred to "vision loss" as a single and static entity we have differentiated near visual impairment and distance visual function at baseline from decline over time in the parameters of both near and distance vision.
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METHODS
Study sample
Subjects were recruited as part of a multi-site cohort study of community-dwelling persons aged 65 years and over from the electoral rolls of three French cities (Bordeaux, Dijon and Montpellier) between 1999 and 2001 (The 3C Study Group, 2003) . The study protocol was approved by the Ethical Committees of the University-Hospitals of Bicêtre and Nîmes (France) and written informed consent was obtained from each participant. A standardized evaluation with a face to face interview and a number of clinical examinations was undertaken in the three study centers at baseline, 2 and 4 years. In the centers of Bordeaux and Montpellier, this follow-up was extended with an examination at 7 and 10 years. Of the 4216 non-demented participants included in these two centers, 432, 400 and 398 have missing follow-up evaluations for depressive symptomatology, near and distance visual impairment, respectively.
For the depression incidence analysis, the sample included 2307 subjects after exclusion of the 1160 subjects with prevalent depressive symptomatology or using antidepressants at inclusion and exclusion of a further 317 due to missing data for at least one baseline adjustment variable. For the near visual impairment incidence analysis, 2760 subjects were included, after exclusion of the 571 subjects with mild to severe visual impairment at baseline and 485 due to missing data on covariates. Finally, the incidence of distance visual function loss was analyzed on 2952 subjects, after exclusion of the 292 subjects with a loss of their visual function at baseline and 574 due to missing data on covariates.
Depressive symptomatology
The Mini International Neuropsychiatric Interview (MINI) (Sheehan et al., 1998) , a standardized inserm-00846126, version 1 -18 Jul 2013 psychiatric examination which has been validated in the general population, was used at each examination for the diagnosis of current and past major depressive episodes (MDE), according to Diagnostic and Statistical Manual of Mental Disorders (DSM)-IV criteria. Severity of depressive symptoms was assessed using the 20-item Center for Epidemiologic Studies-Depression scale (CES-D) (Radloff, 1977) . For this analysis, participants were classified with depressive symptomatology if they presented a current MDE or a CES-D score of 16 or over.
Current use of antidepressants was validated by presentation of the prescription or medication to the interviewer, and type of medication was noted according to the World Health Organization's Anatomical Therapeutic Chemical (ATC) classification.
Visual impairment and visual function loss
The definitions are based on current presenting vision (i.e. using currently available refractive Distance visual function was self-reported during a face to face interview, and functional loss was defined as inability or difficulty in recognizing a face at 4 meters. Subjects switching between inclusion and 2-year examination from "without difficulties" to at least "with difficulties" or from "with difficulties" to "unable" were classified as having a decline in distance visual function.
Socio-demographic and clinical variables
The standardized interview included questions about demographic characteristics: education level including HDL cholesterol were evaluated in serum and APOE genotyping was performed as previously described (Ancelin et al., 2010) , ε4 allele having been found to be protective of ocular diseases (Baird et al., 2004; Utheim et al., 2008) .
Statistical analyses
The effect of baseline vision loss on 10-year incident depressive symptomatology or of baseline depressive symptomatology on 10-year incident vision loss were analyzed using a mixed logistic model (Carriere and Bouyer, 2002) which takes into account within-subject response correlation (dependency between repeated evaluations) and models the individual repeated probabilities of the outcome during the 10-year follow-up. Briefly, this model has four basic characteristics: (i) the individual time evolutions of the outcome are entirely taken into account including possible reversion to normal state, (ii) subjects with incomplete responses across time are included in the analysis, (iii) subjects do not have to be evaluated at the same time points, (iv) the model allows within-subject dependency to vary from one subject to another, via the random part of the covariable linear combination. "Baseline" refers to the condition at inclusion. The SAS procedure NLMIXED was used to estimate the parameters (version 9.2).
We used three adjusted models. In model 0, odds ratios (OR) were adjusted for centre, gender, age and time. In addition, model 1 included covariates that were associated with the follow-up outcomes (p<0.10 in model 0). Model 2 was further adjusted for covariates which may also be intermediate factors and thus may yield an over-adjusted model. In the incidence of depressive symptomatology sub-study, model 1 was thus adjusted for age, centre, gender, time, income, living alone, ischemic pathologies, diabetes, respiratory diseases, number of medications and obesity.
Model 2 was further adjusted for mobility, cognitive impairment and falls. In the incidence of visual impairment and of visual function loss sub-studies, model 1 was adjusted for age, centre, inserm-00846126, version 1 -18 Jul 2013 gender, time, income, living alone, hypertension, diabetes, respiratory diseases, number of medications, obesity, ApoE4, HDL cholesterol, and fruit and vegetable consumption. Model 2 was further adjusted for mobility and cognitive impairment.
RESULTS
For the total sample of 4216 dementia-free participants at baseline, median (IQR) age was 73 (70-77) and 40.2% were men. The prevalence of depressive symptomatology was 24.3% and 7.6% of the whole cohort were treated with antidepressants. Regarding vision, 11.2% had mild near visual impairment, 2.7% moderate to severe near visual impairment (among them 7 blind subjects (0.2%)) and 4.5% a loss of distance visual function. With regard to the associations between visual impairment and declared visual function, 83.9% had neither near visual impairment nor loss in distance visual function while 10.3% had mild and 1.4% moderate to severe near visual impairment, but not visual function loss. One percent had mild and 1.2% moderate to severe near visual impairment associated with a visual function loss.
Incidence of depressive symptomatology
For the incidence of depressive symptomatology analysis, participants free of depressive symptomatology and not treated with antidepressants at baseline were included in the analysis. The sample of 2307 subjects is described in Table 1 . Median (IQR) time of follow-up was 9.0 years (6.9-9.5). In this sub-sample, with regard to near visual acuity, 9.8% of the participants had mild visual impairment and 2.0% moderate to severe impairment at baseline. The baseline prevalence of loss of distance visual function was 3.2%.
Over the 10 years follow-up, 521 persons (22.6%) reported incident depressive symptomatology (that is on at least one follow-up visit) with 280 participants (53.7%) reverting to a non-depressed inserm-00846126, version 1 -18 Jul 2013 state on a subsequent visit. Rates of severe depression increased from 8.6% at 2 years to 11.8% at 10 years.
After adjustment for gender, centre, age and time, participants with mild near visual impairment at baseline increased their odds of developing depressive symptomatology (Model 0) compared to participants without any near visual impairment (OR=1.60 ; 95% CI=1.08-2.38) (Table2). Further adjustment for socio-economic factors (income, living alone), and comorbidity (ischemic pathologies, diabetes, respiratory diseases number of medications and obesity) attenuated the associations (Model 1: OR=1.45; 95% CI=0.98-2.15) which failed to be significant. The relationship was not significant for moderate to severe impairment and for the 2-year decrease in near visual acuity in all models (data not shown).
With regard to distance visual function, baseline loss was not associated with the odds of developing depressive symptomatology. On the other hand a 2-year decrease in distance visual function was associated with increased odds of depressive symptomatology during follow-up (Table 2) . The relationship remained highly significant in models 1 and model 2 (OR=3.03; 95% CI=1.75-5.23) and also when past MDE was entered in the model (OR=2.90; 95% CI=1.68-4.99, p=0.0001).
Incidence of near visual impairment
Participants with normal near visual acuity at baseline were included in this analysis. The median (IQR) time of follow-up was 8.9 years (6.8-9.4). Of the 2760 subjects included, 21.6% had depressive symptomatology at baseline, 6.5% were treated with antidepressants and 16.6% had a history of MDE (Table 1) . Over the 10-year follow-up, 668 persons (24.2%) had incident near visual impairment (at least one follow-up visit with mild to severe visual impairment) and the reversibility rate was 33.8%. The rate of near vision impairment was of 5.5%, 7.2%, 7.8% and inserm-00846126, version 1 -18 Jul 2013 21.0% at 2 years, 4 years, 7 years and 10 years respectively, the rise at 10 years being partially due to cohort aging (participants aged 85 years and over represented 5% of the sample at 2 years but 25% after 10 years).
Adjusted for centre, gender, age and time, baseline depressive symptomatology was weakly associated with an increased odds of developing near visual impairment (OR=1.26; 95% CI=1.00-1.60) (Model 0) but the association disappeared after multiple adjustment (Models 1 and 2) ( Table 3) .
Incidence of distance visual function loss
Participants having difficulties in recognizing a face at 4 meters at baseline were excluded from this separate analysis. The median (IQR) period of follow-up was 9.0 years (6.7-9.5). The baseline rates for current depressive symptomatology, past MDE and antidepressant use were similar to the near visual impairment sub-study (Table 1) . Over the 10-year follow-up, 321 (10.9%) participants had incident loss of distance visual function with 57.0% reverting to a normal state. The rate of visual function loss remained stable over time and varied from 3.9% at 2 years, to 5.0% at 10 years.
After adjustment for centre, gender, age and time, baseline depressive symptomatology was associated with a loss in distance visual function during follow-up (OR=1.72; 95% CI=1.23-2.42) (Model 0). The association remained significant after further adjustment for socio-economic factors (income, living alone), comorbidity (ischemic pathologies, diabetes, respiratory diseases number of medications and obesity), ApoEε4, HDL cholesterol and fruit and vegetable consumption (Model 1) as well as mobility and cognitive impairment (OR=1.62; 95% CI=1.15-2.28) (Model 2) (Table   3 ). When baseline antidepressant use and history of MDE were added to model 2 the association remained unchanged (OR=1.58; 95% CI=1.11-2.25, p=0.01).
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DISCUSSION
Previous research has pointed to a general association between vision loss and the subsequent onset of depressive symptomatology. However, the results of the present analyses suggest that this relationship is complex depending on whether the loss is related to near visual impairment or visual function loss and visual decline across time. We observed depressive symptomatology onset to be specifically related to a recent decrease (in the last two years) in distance visual function, increasing three-fold the risk of developing depressive symptomatology in the following years.
Mild near visual impairment (but not recent decline) increased the risk for incident depressive symptomatology; however, this association did not quite reach significance after multivariate adjustment. Of particular interest are our novel findings related to reverse causality. A strong association was observed between depressive symptomatology at baseline and incidence of visual function loss, even after multiple adjustments for potential confounders, the odds of having a visual function loss increasing by 62% over 10 years. Depressive symptomatology at baseline was however, not associated with incident near visual impairment.
Vision loss as a risk factor for depressive symptomatology
There are multiple inter-related mechanisms by which visual impairments may increase vulnerability to depression, notably through loss of independence for daily living activities, difficulties in maintaining social networks, leisure activities and adequate health care, as well as loneliness, poor diet, and loss of self-confidence due to fears of falling and further vision loss. Two previous population-based longitudinal studies (Brown and Barrett, 2011; Chou, 2008) investigating specifically the effect of global vision loss on depressive symptoms found a positive association. In two-wave studies, the authors used a self-reported categorical assessment of global visual function with usual optical correction. Brown et al. (Brown and Barrett, 2011) did not exclude from the analysis participants presenting depressive symptoms at baseline, thus confounding the effects of baseline depression and baseline vision. However, by investigating possible mediating effects they observed that "psychological resources" (self-efficacy) and activity limitations to be two principal mediators. Chou et al. (Chou, 2008) showed that self-assessed visual function was associated with onset and persistence of depressive symptoms, and that mobility and instrumental activities of daily living (IADL) partially mediated this relationship. Another population-based study examined the effect of self-reported dual sensory loss (hearing and visual loss) without distinction of modality (McDonnall, 2009 (McDonnall, , 2011 . A significant increase in depressive symptoms was observed at the first follow-up where sensory loss was reported and also over the subsequent examinations. The linear mixed model used in this analysis measured in fact the time by time short-term effect of sensory loss on the trajectory of depressive symptoms. This method may be subject to reciprocal causality (Neuhaus and Kalbfleisch, 1998) as depression may influence future measures of visual function leading to an over estimation of its effect. To overcome this methodological pitfall, we preferred to consider vision loss at baseline in subjects without depressive symptomatology. Several other longitudinal studies included visual function loss in overall analyses of risk factors for depressive symptom incidence, finding a positive (de Beurs et al., 2001; Forsell, 2000; Harris et al., 2006; Kennedy et al., 1990) or a non-significant inserm-00846126, version 1 -18 Jul 2013 association (Biderman et al., 2002; Prince et al., 1998) .Visual functioning was always selfdeclared, often not precisely defined and only taken at baseline.
With regard to the change in distance visual function, the 2-year decrease was strongly associated with depressive symptomatology incidence, but baseline distance visual function was not. As distance vision was self-reported, the question remains as to whether this association is due to effective visual impairment or an over-declaration in people with a tendency to recurrent depression. The relationship persists, however, after adding past MDE to the final model. This observation suggests that a recent decrease in visual function may be more important in relation to depressive symptomatology than a sustained moderately low level, in the same way that Grue et al. (Grue et al., 2010) observed recent decline rather than stable impairment led to IADL impairment and declining social activity.
With regard to visual impairment, our study is the first to use an objective evaluation of near visual acuity in relation to depressive symptomatology, excluding depressed subjects at inclusion and with a long-term follow-up. We were also able to adjust for a large number of possible confounders. Only a slight association was found for mild near visual impairment with the incidence of depressive symptomatology. The absence of association for moderate to severe impairment is probably due to a lack of power, only 2% of subjects being in this category at baseline. In a population-based longitudinal study, Tournier et al. (Tournier et al., 2008 ) used a medical services data-base with International Classification of Diseases (ICD-9) algorithms, showing that over a 5-year period the risk of depression was higher in the group of subjects with objective visual impairment compared with the control group, and that the effect did not depend on visual impairment severity. However, in this study, the models were poorly adjusted without including socio-economic and behavioral factors or comorbidity, and only adjusting for chronic inserm-00846126, version 1 -18 Jul 2013 diseases as a single score. In a large cross-sectional nationally representative sample of US adults (Zhang et al., 2013 ) (23% of participants ≥ 65 years) visual function loss was also associated with depression after multiple adjustment but visual acuity was not. Impairment of optical organs may have effects on visual acuity but also on contrast sensitivity (Alexander et al., 1988) and visual field. Self-reported visual function loss has the advantage of covering global effects on daily activities.
Several randomized clinical trials have been undertaken based on the assumption of a causal relationship between visual impairment and depression, but almost exclusively in nursing homes where the rate of age-related eye disease and under-corrected refractive error is high. Owsley et al showed, for example, that immediate refractive error correction reduced depression in comparison with delayed correction (Owsley et al., 2007a) . However, in the same population, cataract surgery did not appear to have a similar effect (Owsley et al., 2007b) . Age-related macular degeneration has also previously been demonstrated to be associated with high rates of depression, anxiety and emotional distress (Berman and Brodaty, 2006) and in a randomized controlled clinical trial that compared the efficacy of problem-solving treatment with usual care in patients, treatment of depression was found to be effective in the short-term but the benefits were not maintained over time (Rovner et al., 2007) . The impact of visual impairment on depression may depend on the severity and the origin of visual impairment and the duration of visual loss.
Depression as a risk factor for loss of vision
Over time the effect of visual impairment on depression may be amplified by the effect of depression on vision. To our knowledge no previous population-based longitudinal study has investigated the question of possible bi-directionality. After adjusting for a large number of possible confounders including socio-demographic factors (age, gender, income, mode of living), inserm-00846126, version 1 -18 Jul 2013 concomitant pathologies (hypertension, diabetes, respiratory diseases, number of medications), biological factors (HDL cholesterol), behavioral factors (obesity, diet) and genetic (Apoε4) and possible mediating factors (mobility, cognitive impairment) as well as antidepressant use and history of MDE, we found an independent association with the incidence of visual function loss. This suggests a highly significant impact on visual function whereas non-significant associations were found for incident near visual impairment after adjusting for behavioral and physical health confounders. In accordance with this result Rovner et al also showed in a small sample of 51 older patients with recent onset of bilateral AMD (Rovner et al., 2002) , that change in depressive symptoms was correlated with concomitant change in vision function. However, the correlation with change in visual acuity was not significant.
We have suggested above several mechanisms to explain this association related to poor self-care and health behaviors, medication-related risks and possible neurophysiological pathways. Within our study we observed that 70 persons (1.7%) were taking tricyclic antidepressants at base-line, which are known to promote interference in the accommodation process and can provoke angleclosure glaucoma in patients with narrow-angled eyes. Selective serotonin reuptake inhibitors (SSRIs) (4.3% of participants in our study) have also been associated with mydriatic events which may increase susceptibility to glaucoma (Richa and Yazbek, 2010) . We also postulated the possibility of a direct effect on neurotransmitter dysfunction present in depressive disorder, notably dopamine which is present in both amacrine and interplexiform cells, with alterations in dopaminergic neurotransmission possibly reducing contrast discrimination in depressive patients (Bubl et al., 2009) . Dysfunction of the inhibitory neurotransmitter GABA may also have negative effects on the visual system in general (Golomb et al., 2009) (Grant et al., 2011) ).
Clinical implications
With regard to public health prevention and clinical practice in psychiatry our findings highlight the importance of detecting visual impairment in depressed elderly patients. Moreover measures of functional vision and their changes over time seem to be more informative than measures of acuity with regard to impact of vision loss on activities of daily living (Morse, 2013) . Both dealing with vision loss and treating depression should be considered (Margrain et al., 2012) . In general practice, attention to risk factors such as female gender, prior depression, disability, sleep disturbance, recent bereavement, and onset of co-pathologies (Cole and Dendukuri, 2003) could also permit early identification of persons with visual deficiencies at high risk of depression.
Limitations and strength
Our study was subject to several limitations. Functional vision was measured crudely and the level of visual function loss declared by the participant may have been over-estimated in depressed subjects, although the association persisted after multiple adjustments. Our measure of visual function (4 meter facial recognition) may only reflect central vision loss but not detect individuals with loss in peripheral vision (tunnel vision caused by glaucoma or retinal degeneration outside the macula) which is involved in vision-related tasks such as driving and shopping. Ocular conditions underlying the visual impairment were not recorded, so we were unable to differentiate correctable and non-correctable defects in relation to depression. A selection bias is also possible as people with low vision or major depression may have refused to participate.
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However the present prospective study with a multicentre design, based on a large community sample has allowed us to examine separately distance visual function and near visual impairment 
